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PENETRATION OF THIN FILMS BY HYPERVELOCITY
MI CROPART ICLE S
I. INTRODUCT ION
At least one type of micrometeoroid detector operates on the
basis of light transmission through holes produced in otherwise
opaque films by the impact of micrometeorites. The detector flown
1
aboard the Explorer VII satellite by LaGow and Secretan was of this
type. In their device, the opaque film was placed between a light
source and a photomultiplier tube, which measures the quantity of
light transmitted through the film. A sudden increase in phototube
current signals a meteoroid impact. The magnitude of the phototube
current increase is proportional to the area of the hole in the
film. For maximum benefit to be derived from the measurements, it
is desirable to relate the current increase to the parameters of the
impact ing micrometeoroid.
Films typical of those used by LaGow and Secretan were cali-
brated using high-speed particles from the TRW Systems electrostatic
hypervelocity accelerator. 2 A brief experimental program in support
of these measurements was conducted and the results are given below.
It should be pointed out that the results are equally applicable to
the general area of hypervelocity impact phenomena.
I I. PROCEDURES AND RESULTS
The thin film, in the form of a strip about one inch wide by
three inches long, was mounted in a test fixture attached to the end
of'the accelerator drift tube° The plane of the film was perpendicular
to the axis of the particle beam° A detector 3 for the measurement of
particle charge, velocity, mass_ and trajectory was positioned
immediately in front of the film holders The film could be moved
manually in a direction defined by the long axis of the film_ thus
exposing a number of separate and distinct target areas to the beam.
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As many as ten areas could be utilized before the target was re-
moved from the vacuum chamber. The film holder was carefully in-
dexed and the observed impact sites were correlated with the
trajectory information derived from the particle detector.
The targets were 0.00025 inch thick mylar films with a thin
(about 0.1 micron) layer of vapor-deposited aluminum on the impact
side. The diameter of the holes produced Dtt was measured with a
screw micrometer eyepiece and a high power optical microscope. For
these measurements, DH is defined as the diameter of that part of
the crater transparent to light. In general; this diameter is
smaller than the overall diameter of the disturbed area. Carbonyl
iron spheres were used for all of the shots. The particle diameter
Dp was determined by the techniques described in Ref. 3.
The results are summarized in Fig. 1o The results show that
the ratio of hole diameter to particle diameter increases slowly
with velocity, but is relatively constant from about 5 or 6 km/sec
and up. The scatter of the data points prohibits a reasonable
estimate of the velocity dependence. The lack of precision arises
from errors in the measurement of both of the quantities. Also, it
is likely that the thickness of the film relative to the size of the
particle plays an important role; but this has not been considered.
It is clear, however; that the hole diameter is at most one or two
times the particle diameter even at the highest impact velocities.
More precise measurements are required to fully assess the situation.
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Figure i.
PARTICLE VELOCITY (KM/SEC)
Relative hole diameter of holes produced
in thin films by the impact of high speed
particles ss s function of velocity.
9
kT]
CO
!
Oh
0
tO
@
o
•-b-- o
o
4158-6013-TU-000
Page 5
REFERENCES
i •
2_
•
H. E. LaGow and L. Secretan, "Results of Micrometeorite
Penetration Experiment on the Explorer VII Satellite (1959
Iota)" NASA Technical Note D-1722, April 1963.
J. F. Friichtenicht, "Two-Million-Volt Electrostatic Accelerator
for Hypervelocity Research", Rev. of Sci. Instr., Vol. 33, 209-
212, 1962.
H. Shelton, C. D.Hendricks, Jr., and R. F. Wuerker, "Electro-
static Acceleration of Microparticles to Hypervelocities", J. of
Appl. Phys., Vol. 31, 1243-1246, 1960.
